Glucocorticoid action in target organs is regulated by relative activities of 11b-HSD type 1 (HSD11B1) that mainly converts cortisone to active cortisol and type 2 (HSD11B2) that inactivates cortisol to cortisone. HSD11Bs have been shown to be expressed in the ovary of various species. However, little is known about the expression and activity of HSD11Bs in the bovine cumulus-oocyte complex (COC). In the present study, we investigated the expression and activities of HSD11Bs in in vitro-matured (IVM) bovine COCs. Bovine COCs were matured in M199 supplemented with or without FSH and FCS. The expression of HSD11B1 and HSD11B2 was measured by using quantitative RT-PCR in denuded oocytes (DO) and cumulus cells (CC). Reductive and oxidative activities of HSD11Bs were determined by radiometric conversion assay using labeled cortisol, cortisone or dexamethasone in intact COCs, DO or CC in the presence or absence of 11-keto-progesterone (11kP), a selective inhibitor of HSD11B2. The presence of HSD11Bs in the oocyte was examined by immunofluorescence microscopy. Oocytes exclusively expressed HSD11B2 and its expression and activity were largely unchanged during IVM. CC, on the other hand, exclusively expressed HSD11B1 and its expression and activity were upregulated as IVM progressed. As a result, the net glucocorticoid metabolism shifted from inactivation to activation towards the end of IVM. These results indicate that the bovine COC is capable of modulating local glucocorticoid concentration and, by doing so, may create an environment that is favorable to ovulating oocyte for maturation, fertilization and subsequent development.
Introduction
The ovary is a glucocorticoid target organ and various physiological effects of both natural and synthetic glucocorticoids have been reported in many species (Tetsuka 2007) . In glucocorticoid target organs, the tone of glucocorticoid action is primarily determined by the level of glucocorticoid receptor (GR) and active glucocorticoid locally available to GR. Two glucocorticoid metabolizing enzymes, 11b-hydroxysteroid dehydrogenase type 1 (HSD11B1) and type 2 (HSD11B2), are responsible for modulating the levels of active glucocorticoid in target organs: HSD11B1 is a bidirectional HSD11B that mainly activates (reduces) cortisone to cortisol (11-dehydrocorticosterone to corticosterone in rodents), whereas HSD11B2 is a dehydrogenase that inactivates (oxidize) cortisol to cortisone (Albiston et al. 1994 , Michael et al. 2003 . These HSD11Bs are expressed in various ovarian tissues and their expressions are regulated by gonadotropins and paracrine/autocrine factors (Tetsuka et al. 1999a , Michael et al. 2003 . The expression of HSD11B1 is dramatically increased, while that of HSD11B2 decreased after the preovulatory gonadotropin surge or LH/hCG treatment in human (Tetsuka et al. 1997) , macaque (Fru et al. 2006) and rat (Tetsuka et al. 1999b) follicles/ovaries as well as cultured granulosa cells of rats (Tetsuka et al. 1999a) and macaques (Fru et al. 2006) . Likewise, both dehydrogenase and reductase activities brought about by HSD11B1, but not by HSD11B2, have been demonstrated in cultured human granulosa-lutein cells collected shortly before ovulation (Thomas et al. 1998) . These results indicate that the activation of HSD11B1 is responsible for a temporal increase in the ratio of cortisol to cortisone and the level of free cortisol in human follicular fluid (Harlow et al. 1997 , Andersen 2002 ). Production of cortisol from the follicular wall has also shown to be temporarily increased in cattle after the LH surge (Acosta et al. 2005) . The physiological significance of this phenomenon is not well understood, but it may protect follicles and oocytes from inflammatory reactions associated with the ovulatory process ).
To our knowledge, only one report is available for HSD11B activities during oocyte maturation where the authors demonstrated that the oxidative activity but not the reductive activity increased in porcine cumulusoocyte complexes (COCs) during in vitro maturation (IVM) (Webb et al. 2008) . Because treatments with high levels of glucocorticoid were shown to antagonize oocyte maturation in pigs (Yang et al. 1999 , Chen et al. 2000 , these authors concluded that the porcine COC protects maturing oocytes from glucocorticoid by locally inactivating it.
Unlike sex steroids such as progesterone (P4) and estradiol (E 2 ), which are produced in the COC, and often supplemented to culture media for IVM (Mingoti et al. 2002 , Fair & Lonergan 2012 , glucocorticoids are not synthesized in the follicular tissues and have been ignored in the bovine IVM system. However, the abovementioned reports on glucocorticoid metabolism in the preovulatory follicle strongly imply the presence of a similar mechanism that controls the local glucocorticoid environment in the bovine COC. Since in vitro or in vivo production of embryos is a vital part of dairy and beef industries, the knowledge of the glucocorticoid metabolism and its role in the bovine COC are beneficial in improving the quality and quantity of embryos produced.
In the present study, we investigated the expression of HSD11B1 and HSD11B2 and their activities in the bovine oocyte and surrounding cumulus cells during oocyte maturation.
Materials and methods
This study was conducted entirely in vitro using abattoirderived materials following the regulations under the Abattoir Law in conjunction with BSE-related regulations drafted by the Ministry of Health, Labour and Welfare, Japan (http://www.mhlw.go.jp/english/topics/foodsafety/bse/).
Recovery of cumulus-oocyte complex
All chemicals were purchased from Wako Pure Chemical Industries (Osaka, Japan), unless indicated otherwise. Bovine ovaries were harvested from Holstein cows in a local slaughterhouse and brought to the laboratory in Dulbecco's phosphate-buffered saline (DPBS; Sigma-Aldrich). The ovaries were rinsed with 70% ethanol for 30 s and then rinsed twice with saline. Cumulus-oocyte complexes (COCs) were aspirated from small follicles (2-5 mm in diameter) using a syringe fitted with an 18-gauge needle. Only COCs with evenly granulated cytoplasm and more than three layers of compact cumulus cells were used for the experiments.
In vitro maturation
Medium 199 HEPES modified (Sigma-Aldrich) supplemented with or without 10% (v/v) fetal calf serum (Fetal Clone III; Thermo Fisher Scientific, Roskilde, NY, USA), 100 mg kanamycin/ml (Sigma-Aldrich), 100 mg glutamine/ml (Sigma-Aldrich) and 1 mg E 2 /ml (SigmaAldrich) was used as the basic culture medium (M199). One to ten COCs were cultured either in HLA Terasaki 60-multiwell plates (Greiner Bio One GmbH, Frickenhausen, Germany) or round-bottom 96-microwell plates (Nunc; Thermo Fisher Scientific) containing either 20 ml or 100 ml of M199 supplemented with or without 0.02 IU FSH/ml (Antrin R10; Kyoritsu Seiyaku, Tokyo, Japan), as mentioned in the following section. IVM was performed at 38.5 8C for up to 26 h in 5% CO 2 in air.
Experimental design

Exp. 1: activities of HSD11Bs in bovine COCs
Bovine COCs (1 COC/well) were cultured in HLA Terasaki 60-multiwell plates containing 20 ml of M199 supplemented with or without FSH (0.02 IU/ml) and/or 10% FCS for 21 h. Reductive and oxidative activities of HSD11Bs were measured by adding radiolabeled cortisone or cortisol to the medium respectively. After the culture, the medium was collected and subjected to the radiometric assay, as mentioned in the following section.
Exp. 2: gene expression of HSD11B1 and HSD11B2 in cumulus cells and oocytes
To investigate the expression of HSD11Bs in bovine cumulus cells and oocytes, COCs (5 COCs/well) were cultured in round-bottom 96-microwell plates containing 100 ml of M199 supplemented with or without FSH (0.02 IU/ml) and 10% FCS for 21 h. After IVM, cumulus cells and oocytes were separated and total RNA was extracted for the quantification by real-time RT-PCR, as mentioned in the following section.
Exp. 3: activities of HSD11Bs in bovine COCs, cumulus cells and oocytes cultured separately
To determine the activities of HSD11Bs in oocytes and cumulus cells, dispersed cumulus cells and denuded oocytes (five oocytes or cumulus cells derived from 5 COCs/well) were cultured along with intact COCs (5 COCs/well) in round-bottom 96-microwell plates containing 100 ml of M199 supplemented with or without FSH (0.02 IU/ml) and 10% FCS for 21 h. After the culture, the medium was collected and subjected to the radiometric assay.
Exp. 4: time-dependent changes in the activities of HSD11Bs in bovine COCs
To determine temporal changes in the activities of HSD11B1 and HSD11B2, COCs (2 COCs/well) were cultured in HLA Terasaki 60-multiwell plates containing 20 ml of M199 supplemented with or without FSH (0.02 IU/ml) and 10% FCS for up to 26 h. Reductive and oxidative activities of HSD11Bs were measured by adding radiolabeled cortisone or cortisol for 5 h from the initiation of IVM (0-5 h) or after IVM (21-26 h).
Exp. 5: oxidative activity of HSD11B1 and HSD11B2 in bovine COCs
To determine the oxidative activities of HSD11B1 and HSD11B2, COCs (1 COC/well) were cultured in HLA Terasaki 60-multiwell plates containing 20 ml of M199 supplemented with FSH (0.02 IU/ml) and 10% FCS for 21 h with radiolabeled cortisol or synthetic glucocorticoid dexamethasone, a selective substrate for HSD11B2, in the presence or absence of a HSD11B2 inhibitor, 11-keto-progesterone (11kP).
Exp. 6: immunofluorescence localization of HSD11B1 and HSD11B2 in bovine oocytes
To determine the presence of HSD11B1 and HSD11B2 in bovine oocytes, COCs (10 COCs/well) were cultured in round-bottom 96-microwell plates containing 100 ml of M199 supplemented with FSH (0.02 IU/ml) and 10% FCS for 21 h. After IVM, oocytes were denuded and subjected to immunofluorescence microscopy.
All experiments were conducted at least twice and representative results are presented in this study.
Total RNA extraction
Oocytes were completely stripped of the surrounding cumulus cells by vortexing in PBS. The oocytes and stripped cumulus cells were collected and subjected to total RNA extraction using TRIzol Reagent (Life Technologies, Carlsbad, CA, USA) following the instruction supplied by the manufacturer. Prior to RNA extraction, 4 ml of Dr GenTLE Precipitation Carrier (Takara Bio, Inc., Otsu, Shiga, Japan) were added to each sample to enhance RNA recovery.
Reverse transcription and quantitative PCR
Reverse transcription of extracted RNA and removal of any contaminating genomic DNA was performed by using the QuantiTect Reverse Transcription Kit (Qiagen) following the manufacturer's instruction. The abundance of mRNAs encoding HSD11B1, HSD11B2, and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was quantified by a real-time quantitative PCR using a LightCycler Nano (Roche) and a FastStart Essential DNA Probe Master (Roche) in combination with FAMlabeled probes selected from Universal ProbeLibrary (UPL; Roche). The primers and probes used in the present study were designed with the online tool, UPL Assay Design Center (Roche), using reported bovine sequences in GenBank (Table 1) . Each PCR was performed with 1/20 of a cDNA sample (equivalent to 0.5 oocyte or cumulus cells collected from 0.5 COC). The amplification program consisted of an initial 10 min activation at 95 8C followed by 45 cycles of the PCR steps (denaturation at 95 8C for 10 s, annealing and extension at 60 8C for 30 s). For quantification of the target genes, standard curves were generated using sets of serially diluted DNA fragments that contained the target sequences for real-time PCR. A set of negative and positive controls was included in each assay. All cDNA samples were amplified in duplicate. The intra-and inter-assay coefficients of variation were less than 15% for all quantifications. Data for mRNA were normalized using GAPDH as an internal control.
Activities of HSD11Bs in COCs
Reductive and oxidative activities of HSD11B1 and HSD11B2 in COCs were measured by the radiometric conversion assay reported previously (Thomas et al. 1998) . COCs were cultured as mentioned above with 100 nmol/l of radiolabeled cortisol ([1,2,6,7-3 H(N)] hydrocortisone 73.4 Ci/mmol; PerkinElmer Japan, Hodogaya, Kanagawa, Japan) or cortisone ([1,2-3 H]cortisone 60 Ci/mmol; American Radiolabeled Chemicals, Inc., Tokyo, Japan). To determine the relative oxidative activity of HSD11B1 and HSD11B2, radiolabeled dexamethasone ([6,7-3 H(N)]-dexamethasone 35 Ci/mmol; American Radiolabeled Chemicals, Inc., St Louis, MO, USA), a selective substrate for HSD11B2, but not for HSD11B1 (Best et al. 1997) , was used along with cortisol, a dual substrate for both enzymes. To confirm the authenticity of HSD11B2 activity, a selective HSD11B2 inhibitor, 11kP (Tokyo Chemical Industry Co. Ltd, Tokyo, Japan), was used at a concentration of 5 M (IC50Z0.4 M; Latif et al. 2005) . After the culture, the medium was recovered and steroids were extracted once with 1 ml diethyl ether for 5 min. The organic phase was taken and evaporated to dryness at 60 8C under gentle stream of nitrogen. The residue was dissolved with 10 ml of ethyl acetate containing 1 mM each of cold cortisol and cortisone, or dexamethasone (Sigma-Aldrich) and 11-dehydrodexamethasone (Steraloids, Inc., Newport, RI, USA) and spotted on a Chromato Sheet (Wako) for thin layer chromatography (TLC). Steroids were separated using the solvent system chloroform-ethanol, 92:8 (v/v) (Thomas et al. 1998) . After TLC, the resolved steroids were localized under UV (254 nm) and each area was cut out for determination of specific radioactivity. The activities of HSD11Bs were calculated from the percentage of counts detected as the product to total counts (substrate and product) after correction for the corresponding counts for blank derived from medium with a tracer but not the COC (Thomas et al. 1998) .
Immunofluorescence microscopy of whole-mount oocytes
Oocytes were stripped of cumulus cells by vortexing and fixed in 4% (v/v) paraformaldehyde in PBS (PFA) for 1 h and were then kept in 0.4% (v/v) PFA at 4 8C until immunofluorescence study. The fixed oocytes were treated with 0.25% (v/v) Triton X-100 (Sigma-Aldrich) in PBS overnight and were then blocked with PBS containing 1% (w/v) BSA (Sigma-Aldrich) and 0.05% (v/v) Tween-20 (PBST) for 30 min at room temperature to avoid nonspecific binding of antibodies. The oocytes were then incubated with either anti-HSD11B1 rabbit IgG (H100:sc-20175; Santa Cruz Biotechnology), anti-HSD11B2 rabbit IgG (H145:sc-20176; Santa Cruz Biotechnology) or control rabbit IgG (GTX76672; GeneTex, Inc, Irvine, CA, USA) at a concentration of 1/200 for overnight at 4 8C. After the incubation with primary antibodies, the oocytes were washed three times with PBST and then further incubated in PBST for overnight at 4 8C. The oocytes were then incubated with goat anti-rabbit IgG (Alexa Fluor 635:A31577; Invitrogen) diluted with PBST at a concentration of 1/200 for 1 h at room temperature. After the incubation, the oocytes were washed several times and mounted on slide glasses with mounting medium containing DAPI (UltraCruz Mounting Medium; Santa Cruz Biotechnology). Immunofluorescence images of the oocytes were captured using a Leica TCS-SP5 confocal laser-scanning microscope (Leica Microsystems, Buffalo Grove, IL, USA). A 633 nm helium-neon laser was used to excite the fluorescence of Alexa Fluor 635. Photomicrographs were taken using an oil immersion objective (HCX PL APO CS 40/1.25) at a total magnification of 400.
Statistical analysis
Data were analyzed with one-way or two-way ANOVA followed by Tukey's multiple comparison test using the computing environment R (R Development Core Team 2010). All data are presented as arithmetic meanGS.E.M. Difference between groups was considered statistically significant when the P value was !0.05.
Results
Exp. 1: activities of HSD11Bs in bovine COCs
Bovine COCs were cultured with the radiolabeled cortisone or cortisol in the presence or absence of FSH and FCS for 21 h to measure the activities of HSD11Bs. Both reductive (cortisone to cortisol) and oxidative (cortisol to cortisone) activities of HSD11Bs were observed in bovine COCs. Treatment with FSH increased Figure 1 Reductive and oxidative activities of HSD11Bs in bovine COCs cultured with or without FCS and FSH. COCs (1 COC/20 ml) were cultured with [ the reductive activity by twofold (P!0.01), but it did not affect the oxidative activity ( Fig. 1A and B) . The addition of FCS to the culture medium significantly increased the oxidative activity (Fig. 1B) . The reductive activity also tended to be increased by FCS (Fig. 1A) . In the following experiments, 10% FCS was added to the culture medium.
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Exp. 2: gene expression of HSD11B1 and HSD11B2 in cumulus cells and oocytes
To investigate the expression of HSD11Bs in bovine cumulus cells and oocytes, COCs were subjected to IVM with or without FSH for 21 h. After IVM, cumulus cells and oocytes were separated and total RNA was extracted for quantification by real-time RT-PCR. There was a clear difference in the gene expression pattern between the two HSD11Bs. The expression of HSD11B1 was high in cumulus cells but low in oocytes, whereas the expression of HSD11B2 was high in oocytes but low in cumulus cells ( Fig. 2A and B) . The expression of HSD11B1 in cumulus cells was barely discernible before IVM and dramatically increased by the treatment with FSH for 21 h (P!0.01; Fig. 2A) . Likewise, the expression of HSD11B1 in oocytes was increased significantly by the FSH treatment (P!0.01; Fig. 2A ). The expression of HSD11B2 was unchanged in oocytes cultured with or without FSH for 21 h (Fig. 2B ).
Exp. 3: activities of HSD11Bs in bovine COCs, cumulus cells and oocytes cultured separately
To determine the activities of HSD11Bs in oocytes and cumulus cells, dispersed cumulus cells and denuded oocytes were cultured with or without FSH in the presence of radiolabeled cortisone or cortisol for 21 h along with intact COCs. Dispersed cumulus cells showed low levels of reductive but no oxidative activity of HSD11Bs (Fig. 3A and B) . Denuded oocytes showed high levels of oxidative activity comparable to that in intact COCs, but no reductive activity of HSD11Bs ( Fig. 3A and B) .
Exp. 4: time-dependent changes in the activities of HSD11Bs in bovine COCs
To determine temporal changes in the activities of HSD11B1 and HSD11B2, COCs were cultured with or without FSH in the presence of radiolabeled cortisone or cortisol for 5 h from the initiation of IVM (0-5 h) or after IVM (21-26 h). The reductive activity was not detected at 0-5 h but high at 21-26 h. The same levels of the oxidative activity were observed at both culture periods (Fig. 4) . To determine the oxidative activity of HSD11B1 and HSD11B2, COCs were cultured for 21 h with FSH in the presence of radiolabeled cortisol or synthetic glucocorticoid dexamethasone, a selective substrate for HSD11B2, with or without a HSD11B2 inhibitor, 11kP. The oxidative activity in COCs was reduced by 80% when dexamethasone was used as a substrate compared with cortisol (P!0.01; Fig. 5 ). Treatment with 11kP decreased the oxidation of both substrates by more than 80% (P!0.01; Fig. 5 ).
Exp. 6: immunofluorescence localization of HSD11B1 and HSD11B2 in bovine oocytes
To determine the presence of HSD11B1 and HSD11B2 in bovine oocytes, COCs were cultured with FSH for 21 h. After IVM, oocytes were denuded and subjected to immunofluorescence microscopy. A clear immunofluorescence signal for HSD11B2 was detected in the cytoplasm of oocytes ( Fig. 6D and F) . A very weak signal for HSD11B1 was also detected in the cytoplasm of oocytes ( Fig. 6A and C) .
Discussion
In the present study, we demonstrated that i) the bovine COC exerts both reductive and oxidative activities of HSD11Bs, ii) these enzyme activities are catalyzed by HSD11B1 expressed in the cumulus cell and by HSD11B2 expressed in the oocyte respectively and iii) the reductive activity brought by HSD11B1 is increased, whereas the oxidative activity brought by HSD11B2 is unaltered during IVM, resulting in a shift of the net glucocorticoid metabolism from inactivation to activation as IVM progresses.
In glucocorticoid target organs, levels of active glucocorticoid are primarily determined by the two HSD11Bs; HSD11B1 predominantly acts as a NADPHdependent reductase that converts inactive cortisone to active cortisol, whereas HSD11B2 acts as a NAD Cdependent oxidase that catalyzes the opposite reaction (Tomlinson et al. 2004) .
The presence of these HSD11Bs in the ovary has been reported in various species such as humans (Michael et al. 1993 , Albiston et al. 1994 , Michael et al. 1997 , Tetsuka et al. 1997 , Ricketts et al. 1998 , Smith et al. 2000 , Rae et al. 2004 , macaques (Fru et al. 2006) , cattle (Tetsuka et al. 2003 , Komiyama et al. 2008 , Tetsuka et al. 2010 , Amweg et al. 2013 , pigs (Sunak et al. 2007 , Webb et al. 2008 ) and rats (Benediktsson et al. 1992 , Tetsuka et al. 1999b , Gomez-Sanchez et al. 2009 .
Various ovarian cells have been shown to express HSD11Bs, such as granulosa cells (Tetsuka et al. 1997 , Ricketts et al. 1998 , Tetsuka et al. 1999b , luteinized granulosa cells (Michael et al. 1997 , Tetsuka et al. 1997 , luteal cells (Ricketts et al. 1998 , Komiyama et al. 2008 , thecal or thecal interstitial cells (Tetsuka et al. 1999b , Tetsuka et al. 2010 and ovarian surface epithelial cells (Rae et al. 2004) . The presence of HSD11Bs in the oocyte or COC has been demonstrated by various methods, but the results are not consistent among the observations. By using in situ hybridization and immunohistochemistry, Hsd11b1 mRNA and protein have been detected in rat oocytes (Benediktsson et al. 1992) , whereas an immunohistochemical study has demonstrated only low or no staining for HSD11B1 and moderate to light staining for HSD11B2 in rat oocytes (Gomez-Sanchez et al. 2009 ). By using immunohistochemistry, human oocytes in primordial and primary follicles have been shown to express HSD11B1 (Ricketts et al. 1998) . Likewise, periovulatory human oocytes and cumulus cells have been shown to express HSD11B1 but not HSD11B2 by using RT-PCR (Smith et al. 2000) . To our knowledge, only a functional study for HSD11B in oocytes and cumulus cells has been conducted in pigs where COCs and denuded oocytes showed only the oxidative activity of HSD11B as determined by radiometric conversion assay (Webb et al. 2008 ).
Our present results clearly indicate that the bovine COC expresses both HSD11B1 and HSD11B2 and exerts both reductive and oxidative activities. HSD11B1 appeared to be expressed exclusively in cumulus cells and its expression and reductive activity were dramatically upregulated as IVM progressed. These results are comparable to the results obtained in rat, macaque and human granulosa cells. In these species, granulosa cells before the preovulatory gonadotropin surge predominantly expressed HSD11B2 but not HSD11B1, whereas after the gonadotropin surge, the expression of HSD11B2 rapidly decreased and that of HSD11B1 drastically increased (Tetsuka et al. 1997 , Tetsuka et al. 1999b , Fru et al. 2006 ). This appears to be the mechanism responsible for a temporal rise in cortisol or its ratio to cortisone in human and macaque follicular fluid after the gonadotropin surge (Harlow et al. 1997 , Andersen 2002 , Fru et al. 2006 . A similar rise in follicular cortisol production has also been reported in cattle (Acosta et al. 2005) .
The expression of HSD11B1 was increased dramatically by the FSH treatment, indicating that HSD11B1 is one of the FSH-responsive genes expressed in cumulus cells. This is in accordance with the previous findings where FSH has been shown to increase the expression of HSD11B1 in the cultured granulosa cells of rats (Tetsuka et al. 1999a ) and cattle (Tetsuka et al. 2010) .
In contrast with HSD11B1, HSD11B2 was expressed exclusively in oocytes and its expression was unchanged regardless of the maturity of the oocyte. Prior to the germinal vesicle breakdown, the transcriptional activity of oocytes becomes minimal and proteins necessary for oocyte maturation, fertilization and subsequent embryo development up to the embryonic genome activation, which occurs around the eight-cell stage in cattle, are translated from cytoplasmic mRNA accumulated during oocyte growth (Heikinheimo & Gibbons 1998) . Thus, the present results indicate that HSD11B2 mRNA is accumulated prior to oocyte meiotic resumption and translated steadily to keep the oxidative activity in maturing oocytes and possibly in early embryos in cattle. The oocyte does not appear to require cumulus cell support for exerting the oxidative activity since denuded oocytes subjected to the radiometric conversion assay showed oxidative activity comparable to that in intact COCs. This is in contrast with the reductive activity in isolated cumulus cells where the activity was much lower than that in intact COCs. The exact reason for the loss of the reductive activity was not clear, but it can be caused by the lack of oocyte-secreted paracrine factors such as GDF9 and BMP15 (Matzuk et al. 2002 , Kidder & Vanderhyden 2010 . Otherwise, cumulus cell integrity may be necessary to fully exert the reductive activity. Cumulus cells have been shown to be connected to each other by gap junctions (Kidder & Mhawi. 2002) and disruption of the gap junctions prior to FSH stimulation may impair the reductive activity in cumulus cells by suppressing the expression of HSD11B1 and/or restricting NADPH supply (Bujalska et al. 2005) . To test these hypotheses, a further study using the oocytectomized cumulus complex treated with the above-mentioned paracrine factors is necessary.
Taken together, the bovine COC undergoing the maturation process shifts the net glucocorticoid metabolism from inactivation to activation by increasing the activity of HSD11B1 reductase in cumulus cells. This may be the reason why the previous study did not find the reductive activity of HSD11B1 in the porcine COC matured under similar IVM condition as the present study; the authors examined the reductive activity only during the initial 24 h of the 48 h IVM period that is required for porcine oocytes to fully mature in vitro (Webb et al. 2008) .
In the present study, low levels of HSD11B1 mRNA and a very weak immunofluorescence signal for HSD11B1 were observed in the oocyte. This raised the Merge Figure 6 Immunofluorescence images of HSD11Bs in bovine metaphase II oocytes. Intact COCs (10 COCs/100 ml) were cultured with FSH for 21 h. After IVM, oocytes were stripped of the surrounding cumulus cells and subjected to the whole-mount immunofluorescence detection of HSD11B1 (a,c) and HSD11B2 (d,f) using a confocal laserscanning microscope (ten oocytes per treatment). Rabbit IgG was used as a negative control (g,i). HSD11B1 and HSD11B2 were visualized in red (Alexa Fluor 635) and DNA was visualized in blue (DAPI).
Images were captured at a magnification of 400 with zoom set at 1.5. Scale bar: 75 mm. 
